study question: Does prolonged in vitro culture influence newborn birthweight? summary answer: The absolute mean birthweight and gestational age-and gender-adjusted birthweight (Z scores) of singletons born from blastocyst transfer are higher than singletons born from Day 3 transfer.
Introduction
Since the first IVF baby birth in 1978, nearly 4 million babies have been born through IVF. A number of studies and a meta-analysis have concluded that singletons and twins born after IVF are healthy, but when compared with spontaneous conceptions, IVF is associated with an increased incidence of low birthweight and preterm birth (Helmerhorst et al., 2004; Jackson et al., 2004; McGovern et al., 2004; McDonald et al., 2010; Pelkonen et al., 2010; Sazonova et al., 2011) . Adverse outcomes can be linked to patient-related factors and the IVF technique. Romundstad et al. (2008) assessed the perinatal outcomes of sibling children born to women who had conceived both spontaneously and after IVF; no difference in birthweight, gestational age, risk of small-for-gestational age (SGA) and preterm delivery were found. These findings suggested that adverse outcomes in IVF singletons are patient-related factors rather than the IVF technique. Similar to the Romundstad et al. (2008) study, Henningsen et al. (2011) compared different pairs of siblings: IVF-ICSI versus spontaneous conception, IVF-ICSI fresh versus frozen embryo transfer, frozen versus frozen, IVF-ICSI versus IVF-ICSI and spontaneous versus spontaneous, and the results indicated that mean birthweight, risk of low birthweight and preterm delivery were correlated with assisted reproduction technology (ART). In several animal studies it has been established that embryo culture and transfer can affect perinatal outcomes, including fetal weight, by altering imprinted gene expression (Khosla et al., 2001; Rivera et al., 2008) , and the culture media used can influence expression of imprinted genes as well as birthweight in mice (Doherty et al., 2000; Khosla et al., 2001; Fernandez-Gonzalez et al., 2004; Corcoran et al., 2005; Market-Velker et al., 2010) . There is evidence that .90% of children with Beckwith -Wiedemann syndrome (BWS) after ART had imprinting disorder, in contrast with 40 -50% of children with BWS conceived without ART (Manipalviratn et al., 2009) . Recent studies in humans indicated that the culture media used during IVF treatment could influence intrauterine growth and birthweight of newborns (Dumoulin et al., 2010; Nelissen et al., 2012 Nelissen et al., , 2013 , but some cohort studies did not confirm an effect of culture media on birthweight of singletons and twins (Eaton et al., 2012; Vergouw et al., 2012; Lin et al., 2013) . This difference could be partially explained by different commercial culture media utilized in IVF treatment, which provides evidence that in vitro culture could affect embryo development.
Thus far, few studies have analyzed the effect of the embryo culture period on newborn birthweight. Recent studies have shown an increased risk of preterm birth, low birthweight or congenital malformations after blastocyst transfer (Kallen et al., 2010; Kalra et al., 2012; Dar et al., 2013) , but another study showed no significant difference between blastocyst transfer (Days 5-6) and non-blastocyst transfer (Days 2-4) (Fernando et al., 2012) . Interestingly, a significantly increased proportion of large-for-gestational age (LGA) newborns and significantly higher Z scores for babies were reported after blastocyst transfer; however, no significant difference in absolute birthweight was observed (Makinen et al., 2013) . The purpose of this study was to verify the effect of culture period on absolute birthweight and the Z scores of newborn singletons in relation to Day 3 and blastocyst transfer in a large database-registered population.
Materials and Methods

Patients
This retrospective study was approved by the Ethics Committee of Peking University Third Hospital. Women who underwent IVF-embryo transfer cycles between January 2009 and June 2012 at the Reproductive Medical Centre of Peking University Third Hospital were analyzed. Women underwent controlled ovarian hyperstimulation (COH) with a GnRH agonist or GnRH antagonist protocol (Liu et al., 2012) . Ovarian follicle development was monitored based on serum estradiol (E 2 ) levels and transvaginal ultrasonographic measurements. When at least one follicle reached a mean diameter of 18 mm and the E2 concentration exceeded 500 pg/ml, 10 000 units of urinary hCG (Serono, Aubonne, Switzerland) were administered before ultrasonography-guided oocyte retrieval. Luteal support was initiated on the day after oocyte retrieval using 60 mg of progesterone (Xianju Pharmacy, Zhejiang, China).
Laboratory protocol
The following three commercially available culture media were used: G5 TM (Vitrolife, Gottenburg, Sweden); Global (IVF Online, Toronto, Canada) and Quinn's advantage medium (SAGE, Pasadena, USA), and the corresponding sera were used to supplement the media: HSA-solution TM (Vitrolife); HSA solution (IVF Online) and Quinn's advantage SPS (SAGE). G5 TM is a medium that contains G1 and G2; G1 medium supports embryo development from zygote to 8-cell stage and G2 medium supports embryo development from 8-cell stage to blastocyst. Global media contain Gm; Gm supports embryo development from zygote to blastocyst. Quinn's advantage media include cleavage and blastocyst medium. Quinn's advantage cleavage medium supports embryo development from zygote to 8-cell stage and Quinn's advantage blastocyst medium supports embryo development from 8-cell stage to blastocyst. The ratio of cycles using each culture medium (G5 TM : Global: Quinn's) was 5:2:1 in the Day 3 transfer group. This ratio was 5:3:1 in the Day 5 -6 transfer group. Mineral oil was obtained from Sigma (St. Louis, MO, USA) and used after washing and sterile filtration. IVF and ICSI were performed according to the laboratory routine insemination procedures on the day of oocyte retrieval. The presence of two pronuclei was observed 17 -19 h after insemination or injection, and the zygotes were then cultured in 25 ml droplets of preequilibrated cleavage medium (G5 TM , G1; Global, Gm; Quinn's, advantage cleavage medium). The morphology of embryos was evaluated 68 -72 h after insemination with respect to cell number, fragmentation and symmetry. The number of embryos transferred was determined based on patient age, number of IVF cycles and embryo quality. On Day 3 for blastocyst culture, the embryos were transferred to 25 ml droplets of pre-equilibrated corresponding blastocyst medium (G2, Gm and Quinn's advantage blastocyst medium).
Calculating the proportion of SGA and LGA according to patient characteristic and IVF technique, we used the latest publication regarding birthweight reference at distinct gestational ages, including standard deviations (Yuan et al., 2011) . We also calculated gestational age-and gender-adjusted birthweight (also known as the Z score) for all IVF babies using the equation Z ¼ (x 2 m):s, where x is the IVF birthweight, m the mean birthweight at the same gestational age and same gender in the reference group and s the standard deviation in the same reference group.
Data collection
In the present study, only cycles with fresh embryo transfer were included. Patients ≤40 years of age with a BMI , 30 kg/m 2 were analyzed. Data from singletons born alive after the 20th week of gestation were included Effect of culture period on birthweight in the data analysis. To neutralize the effect of the 'vanishing twin', patients with more than one fetal sac diagnosed by ultrasound, but who delivered singletons were excluded. Patients were excluded if PGD and donor oocytes were used.
Statistics
All statistical analyses were performed with the Statistical Package for the Social Sciences software. The basic characteristics of patients were compared using analysis of variance (continuous variables) and categorical variables were evaluated with x 2 tests. Multiple linear regression analyses were used to evaluate possible associations of birthweight and culture period with other confounding factors, including fertilization methods (IVF or ICSI), testicular sperm extraction versus ejaculation, the number of oocytes retrieved, maternal age, paternal age, maternal BMI, paternal BMI, type of infertility, duration of infertility, infertility factors, parity, gestational age, infant gender and newborn complications (neonatal brain injury, congenital heart disease, Down syndrome, hypertrophic pyloric stenosis, icterus hepatitis or congenital cartilage disease). A P value of ,0.05 was considered statistically significant.
Results
A total of 2929 singleton babies born after fresh embryo transfer were included in this study. To analyze the effect of embryo culture period on newborn birthweight, we compared the mean absolute birthweight of singletons after Day 3 versus blastocyst (Days 5-6) transfer. The mean absolute birthweight for blastocyst newborns (n ¼ 96, 3465.31 + 51.36 g) was significantly greater than that of Day 3 newborns (n ¼ 2833, 3319.82 + 10.04 g; P ¼ 0.009; Table I ). Confounding factors, including maternal age, maternal BMI, paternal BMI, type of infertility, gestational age, infant gender and pregnancy-related complications (hypertension and gestational diabetes) were not significantly different between Day 3 and blastocyst newborns. We set up a multiple linear regression analysis model to assess the relationship between culture period and birthweight and a number of different factors. As shown in Table II , maternal age, maternal BMI, paternal BMI, type of infertility, gestational age, infant gender and length of in vitro culture were significantly associated with newborn birthweight. In this multiple linear regression analysis, parity is not significantly correlated with birthweight (P ¼ 0.375).
Contrary to expectation, parity did not influence birthweight in the present cohort. Supplementary data, Table SI shows that parity was a factor determining the birthweight in the Day 3 transfer group (P ¼ 0.047) but not Day 5-6 transfer group (P ¼ 0.997). For all the IVF babies in the current study, parity is not correlated with absolute birthweight (P ¼ 0.051).
We compared the mean absolute birthweight of singletons in three different blastocyst culture media, including G2, Gm and advantage blastocyst medium. Table III shows no significant differences in absolute birthweight between three different culture media.
We calculated the proportion of all SGA and LGA babies according to patient characteristic and IVF treatment (Table IV) . IVF and ICSI have a similar distribution of LGA. The BMI had a significant effect on the distribution of LGA. In the BMI , 20 kg/m 2 group, LGA occurred in only 4.1% of the newborns. In the 20 kg/m 2 , BMI , 25 kg/m 2 group,
LGA increased to 11.6% of the newborns. In the BMI . 25 kg/m 2 group, LGA was four times that in the BMI , 20 kg/m 2 group (18.5%). Infertility factors had no effect on the distribution of LGA, although skewed distributions of LGA and SGA (P . 0.05) were observed in the subgroup of unknown factors, mainly due to the small number of patients with unknown factors. A difference in LGA existed between primary and second infertility but no difference in the proportion of LGA newborns existed between primipara and multipara groups. The proportion of SGA newborns in the D5-6 transfer group was 4.2%. The proportion of LGA newborns was four times as high as the proportion of SGA newborns (17.7%) and also differed significantly between Day 3 and Day 5-6 transfers. Because the absolute birthweight is highly associated with the gestational age and gender of newborns, we calculated the gender-and gestational age-adjusted birthweight (Z scores) of all newborns. The mean Z score was 0.040 and Z scores for blastocyst newborns were significantly greater than Day 3 newborns (0.347 versus 0.029, P ¼ 0.016; Table V ).
Discussion
For the first time, we showed that the absolute mean birthweight of singletons born from blastocyst transfer was significantly higher than singletons born from Day 3 transfer. We also showed that the mean Z score for blastocyst newborns was significantly greater than Day 3 newborns. Our findings were consistent with the work of Makinen et al. (2013) . It has been well established in a number of studies that many factors determine newborn birthweight. Of these factors, gestational age at the time of delivery and infant gender are the most important (Cogswell and Yip, 1995; Oken et al., 2003) . Maternal characteristics are also associated with newborn birthweight, including age, BMI (Cogswell and Yip, 1995; Rosenberg et al., 2005) , pregnancy-related factors, such as gestational diabetes, hypertension and pre-eclampsia (Rosenberg et al., 2005) and life style factors, such as smoking (Cogswell and Yip, 1995) . Although data for some factors, for example smoking, were not available in the database, the confounding factors did not differ between the Day 3 and Day 5 -6 transfer groups. It has been reported that the number of transferred embryos is a factor affecting newborn birthweight (De Sutter et al., 2006) . Preterm birth and low birthweight are more frequent in singleton pregnancies conceived by double embryo transfer than single embryo transfer (De Sutter et al., 2006) . It is possible that the increased incidence of low birthweight may be attributed to the 'vanishing twin'. To neutralize the effect of the 'vanishing twin', patients with more than one fetal sac diagnosed by ultrasound, but who delivered singletons were excluded in this study. In addition, certain culture media have been associated with fetal overgrowth but the culture media for IVF treatment used in our clinic was reported to have no effect on the weight and length of singletons and twins (Lin et al., 2013) . Furthermore, the agonist and antagonist COH protocol used in our clinic had no effect on the birthweight of newborns (Lin et al., 2013) . Three different blastocyst culture media used in our clinic may still be a confounding factor, even though we found no significant difference in the absolute birthweight for three different blastocyst culture media. Based on a systematic review and meta-analysis, singleton pregnancies resulting from IVF have poorer obstetric and prenatal outcomes compared with spontaneously conceived singletons, such as preterm delivery and low birthweight (McDonald et al., 2005) . Moreover, recent studies have suggested that a higher preterm delivery and low birthweight rate are observed in singletons resulting from blastocyst transfer compared with non-blastocyst transfer (Kallen et al., 2010; Dar et al., 2013) . However, the incidence of increased mean absolute birthweight of singletons after IVF has rarely been reported. Interestingly, Makinen et al. (2013) reported that the proportion of LGA markedly increased after blastocyst transfer compared with Day 2 transfer, and the gender and gestational age-adjusted birthweight (Z score) of blastocyst newborns were higher than Day 2 or Day 3 newborns, but found no significant difference in absolute birthweight between blastocyst transfer and Day 3 transfer newborns. In a large registered-based cohort study which compared perinatal outcome after blastocyst transfer versus cleavage transfer, no difference in the proportion of LGA newborns was shown Effect of culture period on birthweight (Fernando et al., 2012) . In our study, a significant difference in the proportion of LGA newborns existed between Day 5-6 and Day 3 transfer (P ¼ 0.047). Our study compared the absolute mean weight and Z scores of singletons after blastocyst transfer versus Day 3 transfer. It has been reported that the mean weight of singletons for the general population in Beijing was 3366 g (Yuan et al., 2011 ). In the current study, the mean weight of singletons for Day 3 transfer group was 3319 g and of singletons from blastocyst transfer was 3465 g, which is a deviation from singletons in the general population. In addition, a significantly higher Z score was shown in blastocyst transfer group. Our preliminary study may help to shed light on the relationship between the in vitro culture period and genome epigenetics. There is evidence in animal models that in vitro embryo culture can induce fetal overgrowth. For example, Young et al. (1998) reported that bovine and ovine embryos exposed to culture media before the blastocyst stage lead to large offspring. These findings suggest a strong relationship between abnormal imprinting control and large offspring development. It is well-known that preimplantation embryogenesis involves extensive genomic epigenetic modification. Imprinting alteration could have an impact on fetal growth. We speculate that prolonged exposure to the external environment might predispose human embryos to imprinting disorders and an imbalance of cell linage differentiation.
In the current study we did not completely rule out the possibility that other confounding factors influence the birthweight of singletons. The initial treatment of infertility in our clinic is Day 3 embryo transfer; blastocyst transfer is mainly used for patients with previously unsuccessful IVF-embryo transfer cycles owing to repeated implantation failure. Blastocyst culture was also used for patients with uterine malformations, and we usually offer single blastocyst transfer treatment to such patients to avoid the risk of multiple gestations. Therefore, a limitation of this study was that selection criteria for blastocyst transfer may be a bias. In addition, the number of oocytes retrieved in the blastocyst group was higher than the Day 3 transfer in our study (P ¼ 0.000) but multiple linear regression analysis indicated no effect of the number of oocytes retrieved on birthweight of singletons. Griesinger et al. (2008) also showed that the number of oocytes retrieved is not associated with birthweight. In addition, we were unable to control for some additional confounding factors known to influence pregnancy outcome, such as smoking, as these data were not in the database. However, according to published statistics, only 2.4% of women in China smoke (http://news.xinhuanet.com/fortune/ 2013-05/31/c_124794069.htm). IVF patients consciously reduce risks, such as smoking, which may negatively influence pregnancy and child health. Data are presented as numbers (%) or mean + SD. Continuous variables were compared using analysis of variance and categorical variables were evaluated with x 2 tests.
In conclusion, the present study showed that in vitro culture for as little as 2-3 days has significant effects on the birthweight of singleton newborns. The underlying mechanism is not clear. More research needs to be conducted to evaluate the impact of a prolonged culture period on epigenetic changes of blastocysts and the long-term health of children after blastocyst transfer.
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